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performed using a concora fluter, and compressive strength measurements were made in the tip and flank regions of the corrugated medium. A small reduction in tip forming losses is found, for a given furnish when a film forming latex is used. However, a greater reduction is evident when a non-film forming latex is employed.
Forming loss measurements were also made on non-bonded and bonded laminates. The non-bonded laminates resulted in much lower forming losses, while the heat-activated laminates resulted in large forming losses similar to those found with conventional medium.
These experiments suggest that forming losses can be reduced if cost-effective systems are designed which do not activate until the fluting process is complete.
INTRODUCTION
Forming and molding processes are commonly used on many materials including plastics, composites, wood, metals, and paper and board. Generally forming and molding processes are used to convert planar materials into two-or three-dimensional forms. In the paper and board industry these processes are used to produce such items as cups, plates, embossed patterns, and corrugated medium, the subject of this paper.
It is desirable to shape or form a material with minimal damage and loss of properties. Shape retention is another consideration, and this requires that the material be plastically deformed, with allowances being made for recovery and springback.
The set characteristics of paper and board and their relationship to forming and molding have been briefly discussed by Waterhouse [1] . This review was limited to in-plane tensile stresses; however, virtually no published work has appeared on the set characteristics of paper and board when subjected to more complex stress situations (i.e., both in-plane and out-of-plane stresses), and how they are affected by environmental effects such as temperature and moisture. From simple bending theory, the strain in the outer layer of the board is given by E = t/2R where R is the radius of the flute tip and t is board thickness.
Therefore, a reduction in board caliper should result in a lower forming loss. Whitsitt and Baum [5] used wet pressing to reduce forming losses, which they expressed in terms of a retention ratio, i.e., the ratio of fluted to unfluted medium compressive 
EXPERIMENTAL PROCEDURES
Handsheets having a nominal grammage of 125 g/m2, and a non-random fiber orientation, were made on the Formette Dynamique. The furnishes used are given in Table I : The handsheets were then cut to produce MD and CD samples measuring 4"x 5", and were saturated with the latex binders given in Table II:   TABLE II After saturation, the sheets were lightly blotted to remove excess surface latex, and then dried essentially at room temperature in the press-dryer at zero press load to again ensure that no shrinkage occurred.
Control sheets were saturated in deionized water only.
It was found that this procedure produced negligible 
RESULTS AND DISCUSSION
The elastic properties of the base handsheets are given in Table III . The addition of Kevlar pulp and glass fiber both reduce handsheet apparent density and elastic properties as expected. However, the loss in elastic properties is greater than if the reduction in density had been produced by a lower level of wet pressing.
It is also interesting to note that the in-plane anisotropy R is changed by wet pressing and non-wood fiber addition. The mean compressive strength of heat treated handsheets with latex addition are shown in Table IV . The values in parentheses are before heat treatment. Generally there is a significant improvement in compressive strength due to heating, part of which is due to a reduction in equilibrium moisture content. We note that wet pressing and latex addition improve compressive strength, and in the case of glass fiber addition, the level is equal to that of the control, i.e., 100% NSSC pulp for the film forming latexes A and F. In general, the 100% styrene latex D does not perform as well as the film forming latexes A and F even after heat activation. Latex D performs better with the 100% NSSC furnish than with either of the Kevlar pulp and glass fiber containing furnishes.
As described in the experimental section, flute tip and flank forming losses have been measured using the concora fluter as the corrugator. Results for the various furnishes are summarized in Table V . The effects of Kevlar pulp and glass fiber addition on forming losses are also given in Table V . We see that the glass-containing webs yields significantly higher forming losses. Furthermore, the tip losses for the glass fiber- Compressive strength and forming loss measurements were made on one, two-, and three-layers of paper, and then on two and three layers of paper with one layer of mounting tissue between each layer of paper.
Compressive strength measurements were also made on one, two -and three-layers of heat-activated mounting tissue.
The compressive strength and fluting loss measurements were made using the procedures described in the experimental section.
The results are summarized in * heat activated specific compressive strength of the paper decreases as the number of layers increases from one to three. This is expected since there is no bonding (i.e., no shear transmission) between the layers. We also note that two-and three-layers of paper give a span-to-caliper ratio l/t falling within the plateau region for short span compressive strength measurements, i.e., between two and seven [9] . The photographic mounting tissues show a similar result before heat activation; however, after activation there is a large increase in compressive strength for both the two-and three-layer mounting tissues. Also when the two-and threelayer paper/mounting tissue laminates are heat activated a similar improvement in compressive strength is found.
Forming losses for the paper and laminate combinations are given in Table VII . For the layers of paper with no Forming loss measurements were made on non-bonded and bonded laminates. The non-bonded laminates resulted in much lower forming losses as found by Sprague and Whitsitt [3] , while the heat-activated laminates resulted in large forming losses similar to those found with conventional medium. It is presumed that the adhesive interlayer was too effective in shear transfer during the fluting process.
These model experiments suggest that forming losses can be reduced if cost-effective systems are designed which do not activate until the fluting process is complete.
